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Transverse IBS in RHIC

The main contribution to the transverse IBS in RHIC come from the
arcs, most of which comprised of FODO cells

5 2
Yot (=302 420,00, +p,D)]
> >
2
d(SE X N 5 Hmod<s) H(S)

2 b/
ds 00,0,

} VB, A+a)+p.(+a’)
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Reduction of the IBS rate,
i.e. increase of the luminosity lifetime

Improvement
in luminosity
lifetime ¢
AQ, =
S (0.6 or
3 1 or
[ 1.1)
2.5} AQ,
Next APEX lGTﬂCC‘%_’
APEX 05-07 4 st
Au-d Run-8 lattice
Regular Run 7 1 :
Au lattice =
' 90° 108¢ 126° 1440
720 0.25 0.3 0.35 0.4
BROOKH PAJEN NOTE: AQ, are tune advances per FODO cell AQX ﬂPfKWl?rkSIj!ln 200]
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Relative transverse IBS rate in RHIC

Standard
Au lattice

NOTE: AQ,, are tune advances per one FODO cell "33
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CulO1 Ramp: Problems with qf/d6

IBS Lattice Development RHIC-4 lattice vs 92 degree phase advance

¢ Raise the tune S. ‘eP'K'Cm ‘ g

- Increases the cell phase advance = 2
 Optics must work within existing power supplies 1 | pl'm B
» Selected ' =3m f

- Enough aperture for beam at injection ‘ j ‘

- Goal: a, =-1.5 implying: y_transparent 3\‘ \M M w \MI M L N 1 | | J

* Didn’t turn out this way — e g 11 W AW il

» Ramp to different energies ey e

~ Cu101: 100GeV; Cu102: 85GeV and Cu103: 31GeV RHIC-4 dispersion 92 deg. phase advance

Reduction of the IBS rate

IBS reduction& yt Increase

5
IBS, (82°)/ IBS, (92°)=1.37 IBS
s
1.7 szt -
G
- e s Target File
. = P | CSF b izsz el
g el cul SF eb28-1252_curr L mples] | [ Graph
e z Diforence O 7| I~ Auto Update Graph
e 292 | = uto Resecimies
1 T 28 213
- 2 66,7191 212 _i Graph 30Hz Data
o ——— 3 b
— 66.7155 252 I TimeOfDay on X Axis
— 66.6962 274
r
L 66.6855 227
P ee.eres | x4
( " " 66.6621 268
\, ! ( \, l 1 06 230
Y{(92 82 10 7 25
519 59
o072
17908 8
o~ 0.457459 260
.S 0.407131 256
0.393148 205
0.370185 203
0.346038 226
0.261743 127
0.260177 53
0.256256 207
0.255173 87
1 0.249614 220 Tolerance Mode:
85 90 %5 100 OIS 228 v n lative . Absolut
Compare 1Hz Samples 0.232729 255 S

FoDo cell phase advance, ©
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A. Fedotov
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Run-7 - IBS suppressed

Long Sfor'y fU” Of Sur‘pr'iSeS (perfect tune feed-
back ramp in blue followed by problem with SC splice....)

Final test

Blue with standard lattice

Yellow with IBS suppression lattice

Mei Bai, Don Bruno, Peter Cameron, Roger Connolly,

John Cupolo, Al Della Penna, Alexei Fedotov, George Ganetis, Vladimir
Litvinenko, Yun Luo, Nikolay Malitsky,

Aljosa Marusic, Christoph Montag, Vadim Ptitsyn,

Todd Satogata, Steve Tepikian, Nick Tsoupas npfkw.ks.,_.,m
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Au/72ibs - Run 7

Relativistic Heavy Ion Collider :
v, =3123 v =3222 B =(295724,3.02884) Au721bs

| T | T
25— |— X Oy =93.0° 0, =100.5°

1/2 1/2
B [m 7]

0 1000 2000 3000 4()()_(?
S [m]

S. Tepikian
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Window Event Analysis

0, w, 70% Blue

. H R R . Window Event Analysis
10:42:30  10:43:00  10:43:30  10:44:00  10:44:30  10:45:00  10:45:30  10:46:00  10:46:30  10:47:00  10:47:30  10348:00

Time (Start Fill = 9016)

——6— blulCCTtotal yelDCCTtotal —&—  bluliCHbunched Ao
yelliChbunched relMon,ev-accramp:rel EventNunM:value relMon, ev-stone:relEventNumt
reltion, ev-bgannat srelEventiuntizvalue  — reltion, ev-ygannat srelEventHunt

NO DATA available for relMon.ev-lumi:relEventNumi

6 bunches per ring:
3 bunches ~ 1e9 Au
3 bunches ~ 5e8 Au |

Intensity [Au x 10"9]
™

88% Yellow, 93% Blue

11:14:30 11:15:00  11:15:30  11:16:00  11316:30 11317:00 11317330 11:18:00  11:18:30  11:19:00  11319:30 11320300
Time (Start Fill = 9017)
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yelliCHbunched —— relMon,ev-accranpirelEventNunMsvalue relton,ev-stone:rel EventNunh
—— relMon,ev-bgamnat srelEventNumtivalue relton, ev-ygannat :relEventNumt

NO DATA available for relMon.ev-lumi:relEventNumM i
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» Rhic lonization Profile Monitor -0X
View Setup Help |
Function Horizontal | Vertical |
Time—stamp Jun 20, 11:19:14 Jun 20, 11:19:16 Jun 20, 11:19:16 Jun 20, 11:19:14
Bucket y 1] 1] 1 1
Norm—Emit [pixmm-mrad] | 12.887 | 11.5293 10,8554 10.9763
Sigma [mm] [ 0.625493 | 1.37467 0.536585 1.73854
Intensity ] 505,396 | 48,6008 457.617 901.664
More Info More... | More... | More... | More... I
e
—95% Normalized Emittance [nm-mradipi] and Profile Amplitude
3000

95% Norm Emit [mm-mrad/pi]

oS S e e el oS Sl o S R R E I e el e eSS el SR e SR ete o enis e atmote el SR soere .300
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100
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Vertical IPM in blue was noisy
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£ Beamlons.mon PPM User: RHIC_U1
File PPM Setup Logging Diagnostics

lled Jun 20 2007 RHIC - DCCT total beam & WCH bunched bean

Intensity [10°9 Au]

De-bunching:

Yellow is slightly better
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time of day

Bunch lengths :
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Yellow bunches are sk
And stay shorter
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IBS suppression lattice

IBS Integral (t) = f

experiment

t

o

Data: IBS lattice

N(t")dr'

€]
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=—=—Ae_hor, Blue
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4 — — i — P A— i
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>
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| 2 ....................... o) f.......
w :
< H
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Value Error
1 : ml | 0.00064166| 3.0948¢-06
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Integral IBS density
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dAu80 lattice - Run 8

Relativistic Heavy Ion Collider
v =3123 v =3222 B =(1.05955,0.991019)
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Conclusions I

+ IBS suppression lattice has advantages in all three
degrees of freedoms

- Emittances are lower and grow slowly (note that IBS ~
1/¢3/2)

- Bunch length is shorter and de-bunching is lower
(consequence of stronger focusing, i.e. higher y, -> large
energy acceptance, shorter bunches) - well matched with
stochastic cooling

- Blue has a mechanical problem which should be fixed for
future runs, Yellow works fine with IBS lattice

- In d-Au we will have longer luminosity lifetime and gains
in average and vertex luminosity
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Main advantage comes from beta*

95% normalized emittance growth: 1) blue - 82 deg.

lattice; 2) red - 92 deg. lattice with dispersion wave; 3) |,

green - 92 deg. lattice without dispersion wave

In 4 hours ratio o
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Main advantages
+ B* for IBS lattice can be reduced b by 20-25

from that in the standard lattice (1 m to 0.8 m

for D-Au) -> 20-25% increase in luminosity

- IBS suppression lattice is natural match for
lower 3* and is a good candidate for $*=0.5m

13% RF bucket acceptance increase because of
higher v, by 13%, i.e. center bunch intensity will

be 13% larger for IBS lattice, thus 13%
increase in the vertex luminosity (for D-Au -
the case of Au-Au it would be 28%)

Nﬁﬁ?g'fgf;"gﬁ!y Vladimir Litvinenko, APEX Workshop 11/01/2007
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Other advantages

Additional increase in integrated luminosity
because of increased life time: +14% (new lumi
model) or 5% in Wolfram's model

* 6.5% reduction in bunch length because of larger
Y+ - Shorter vertex

» Overall improvement of luminosity lifetime by 30%
- longer stores, less pressure, lower failure rates,

fewer ramps....

* Possible reduction on the beam intensity limit at
transition because of higher y;

Nﬁﬁ?g'fgg‘g%ﬂy Vladimir Litvinenko, APEX Workshop 11/01/2007
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Au lattice for Run 8: p*->0.6 m

Relativistic Heavy Ion Collider
v =31.23 v =32.22 B = (0.666295, 0.590456)
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IBS SL with higher tunes

Relativistic Heavy Ion Collider
v =3423 v =3522 B =(1.08709, 1.03851)
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Hardware Limitations

» Power supplies, leads and quenching

» Current distribution limitations - H & V strings,
the tree of shunting PS - Polarity of trim power
supplies

+ Sextupole strength

* Growth of vy, and strength of y; quads
* Matching with desirable *

* Dynamic aperture (?)

+ Effects on coupling compensations scheme,
diagnostics using specific tune advances, etc....
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Conclusions

Already developed lattice - New territory for RHIC
(92°) has 30% decrease in . Need to find a way of
IBS growth and we expect  making PS chain more

significant increase in flexible (SCR polarity
integrated & vertex switchers for uni-polar PS,
luminosity etc..)

APEX: - Study effect of higher

current in main quad power

- Examine possibility of , o
supplies on the reliability of

further increase in the

phase advance with present RHIC

hardware - What is ultimate phase
- Try to push g*-> 0.5 m with  advance 120°? 130°?

the IBS suppression lattice
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Thank you!

Vladimir Litvinenko, APEX Workshop 11/01/2007
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